A commonly cited reason for the success of the local spin density (LSD) approximation is that it correctly accounts for short wavelength contributions to the exchange-correlation energy. %e show that this result, while true in several limits and for several approximations to these fluctuations, is not exact in general, with an analytic demonstration on a specific system (Hooke's atom). Nevertheless, we find that LSD is rather accurate for small separations. (GGA's) [3, 4] . With these new functionals, the ground state energies of atoms, molecules, clusters, surfaces, and bulk solids can be calculated with near-chemical accuracy [5] .
exactly and in LSD. Another such property can be stated in terms of the wave vector decomposition for the exchange-correlation energy [6] : d3k E", = E",(k), where E",(k) = 2m e N(n", (k))/k, (2) and (n",(k)) is the Fourier transform of the systemaveraged exchange-correlation hole, i.e. , (n",(k)) = f dsu exp( -ik u)(n", (u}), where 1 (n",(u)) = -d r n(r)n", (r, r + u), N
and n",(r, r + u) is the exchange-correlation hole at r + u around an electron at r. These equations decompose E", into contributions from density fluctuations of various wave vectors k with wavelengths 2m. /k, where k = ski. Langreth and Perdew [6] (hereafter LPI)
showed that LSD is exact to second order in e for E",(k) at large k for surfaces, and also that, within a density-functional version of the random phase approximation (RPA), the leading gradient correction vanishes in this limit for all systems [7] (hereafter LPII We begin with an exact analysis of the large wave vector behavior of an inhomogeneous system. To get a quantity which depends only on k, we define the angleaveraged decomposition E",(k) = f dQI, E",(k)/4m Pe. rforming such an angle average on Eq. (2), we find 8m2e~N E",(k) = & du u sin(ku)(n", (u)),zq ", (4) 0 C = 16m. e (n"', (u = 0)),pg, ", (6) where the prime indicates the derivative with respect to u. Thus C is proportional to the system average of the derivative in the exchange-correlation hole at zero separation.
Equations (1) - (6) to keep the density fixed [6] . For each A, the electroncoalescence cusp condition [9] is g"'(r, r) = Agq (r, r)/ao,
where ao = h2/me2 is the Bohr radius, gq(r, r') is the pair distribution function, which is related to the hole via n", q(r, r) = n(r')[gq(r, r') -1], and gq(r, r) = 8/Bu~"ofdQ"=gq(r, r + u)/47'. Inserting this into Eq. (6) (7) - (9) are exact and apply to any inhomogeneous Coulomb-interacting system.
In terms of Eq. (5), the short wavelength hypothesis is that CLsD, the value of C found in an LSD calculation, is equal to the exact value of C. CLsp is found from Eq. (9) by replacing gz(r, r) by its value for a uniform electron gas with spin densities equal to those at r. If this hypothesis were correct for each value of A, Eqs. (8) and (9) imply that LSD would be exact for the system-averaged hole at zero separation. To illustrate this point, in Fig. l (11), while the second-order terms in e2g, which consists of a direct and a second-order exchange contibution [14] ,combine to yield Eq. (10).
We next examine the short wavelength behavior of E",(k) within the RPA. Throughout this paper, the RPA for the inhomogeneous case is the density-functional version of the RPA [7] , in which the noninteracting susceptibility, from which the interacting susceptibility is calculated, is taken to be the A-independent, single- [14, 20] , in which this factor tends to [1 -$2(r)]/2 as k~, the short wavelength hypothesis remains true, but C takes the value it has in the RPA2X approximation, and so is still poorly approximated away from high densities. 
Furthermore, just as for the uniform gas [15] , one may show [16] [12, 13] in the total exchange, correlation, and exchange-correlation energies are -14%, +124%, and -5%, respectively, and the corresponding GGA [4] errors [12] [3] or small interelectronic separations [4] . We have found that LSD is rather accurate for both (n",(u = 0)),~h "and (n"', (u = 0)),ph, ", a result which should prove useful for 
